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Abstract 
Level crossings or paved ballasted tracks laid in freight train container yards are subjected to train 
loads and forklift loads. Those asphalt pavements in the level crossings or paved ballasted tracks are 
designed using performance-based design method. Nevertheless, in the conventional design for 
ballasted tracks itself at the level crossing or paved ballasted tracks in the freight container yards in 
Japan, truck loads or forklift loads are generally not taken into account, and therefore, heavy duty 
truck loads or 12ft-container-forklift loads had not induced a typical problem to level crossing 
structures or paved ballasted tracks. However, because of the recent increase in the transportation of 
the large marine containers on freight trains, very large forklifts have been increasingly introduced to 
freight container yard. Maximum wheel loads of those large forklifts reach up to 500kN. Consequently, 
damages to level crossings and paved ballasted tracks in freight container yard are increasing. 
Concrete slab tracks are considered to be effective track structure to reduce the deformation of 
roadbeds or subgrades which are subjected to heavy forklift loads. However, to maintain the concrete 
slab tracks in the freight container yards in a decent condition, it is necessary to design the roadbeds 
and subgrades properly to avoid excessive deformation, because once the deformation are induced 
bebeath concrete slab tracks, it is not easy to correct track irregularity. To deal with above issues, 
deformation characteristics of subgrades, roadbeds and track structure under the heavy forklift loads 
were investigated using small scale model tests and full scale model tests in this study. In the scale 
model tests, moving wheel loads were applied to an asphalt paved ballasted track model and concrete 
slab model. In the full scale model tests, train loads and heavy forklift loads were applied on the 
asphalt paved ballasted track and concrete slab track. Through those tests, it was confirmed that the 
load applied by heavy forklift have predominant effect on the deformation characteristics of asphalt 
paved ballasted track. Besides, it was confirmed that the concrete slab track effectively reduces the 
vertical stress applied on the roadbed and subgrade. 
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1 Introduction 
Before 1993, asphalt pavements for freight train container yards were typically designed using 
empirical design in Japan. However, due to the recent increase of large sized forklifts to carry large 
marine containers, wheel loads acting on the asphalt pavements in the freight container yards have 
increased significantly. To cope with the increase of the forklift wheel loads, Kamiura. et al (1995) 
revised the design method of asphalt pavements to introduce a theoretical design method using multi-
layer elastic analysis to evaluate the fatigue life of the asphalt pavement. Asphalt pavements for the 
level crossings or paved ballasted tracks are designed in the same way. On the other hand, for the 
ballasted track and sub-ballast layer the applied load by the heavy duty trucks or forklifts are not taken 
into account. Therefore, historically, the heavy duty truck loads or 12ft-container-forklift loads have 
not induced a serious problem to the level crossings or paved ballasted tracks in the freight container 
yard.  However, due to the recent increase of the forklift loads, deformations of paved ballasted tracks 
are occasionally observed as shown in figure 1. 
Because the maximum thickness of the asphalt layer on the ballasted track is limited to the 
corresponding height of the rails, thickness is often not sufficient for heavy forklifts. Besides, because 
the ballasted track is a complex structure including the sleepers and ballast, supporting condition for 
the upper asphalt concrete layer is not uniform. 
To investigate the deformation characteristics of asphalt pavement, many studies have been 
performed. For example, Huang et al (1984) discussed the deformation characteristics of asphalt 
pavement for railway compared with highway pavement. Then, Huang et al (1986) proposed the 
design method of asphalt pavement for the railway.  
To discuss the deformation characteristics of asphalt roadbed beneath the ballasted track, Momoya 
et al (2005) carried out scale model moving loading tests and FEM analysis. Momoya et al (2005) 
established the performance-based design method for asphalt pavement beneath the ballasted track, 
which was included in the Japanese design standard.  
Regarding the heavy forklift loads, Momoya et al (2006) investigated the deformation 
characteristics of asphalt pavement under the heavy forklift loads by the full scale tests considering the 
visco-elastic behavior of the asphalt pavement. 
 
 
 
Figure 1: Deformation of paved ballasted track in the freight container yard 
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However, the design method for the pavement and ballasted track at the level crossings or paved 
ballasted tracks has not been sufficiently investigated. In level crossings, both train loads and heavy 
forklift loads should be taken into account. To investigate the deformation characteristics of asphalt 
pavement on the ballasted track at level crossings and paved ballasted tracks, scale model tests and full 
scale model tests were carried out in this study. For the heavy forklift loads, concrete slab track is 
considered to be more appropriate. For this purpose, the deformation characteristics of concrete slab 
for the level crossings or tracks subjected to the heavy forklift loads were also investigated in this 
study. 
2 Scale Model Moving Wheel Loading Test  
2.1 Test Condition of the Scale Model Test 
To investigate the deformation characteristics of asphalt-paved ballasted track and slab track 
subjected to the heavy forklift loads, moving wheel loading tests were carried out. 
Figure 2 shows the test case of asphalt-paved ballasted track and Figure 3 shows the test case of 
concrete slab and asphalt pavement subjected to heavy forklift loads. The scale of the models was 1/5 
of actual. In the asphalt-paved ballasted track, ballast particles were modeled with small scale gravel 
which the maximum grain size 5mm. Asphalt concrete layer was modeled by cement asphalt mortar, 
where the uniaxial compressive strengths were similar to asphalt concrete. Roadbed layer beneath the 
ballast layer was modeled by well graded and well compacted crushed stone. Sleepers were made of 
aluminum, whose length was 420mm, thickness was 28mm and width was 40mm. The size of forklift 
rubber tire model was approximately corresponds to 1/5 of the size of full scale forklift tire. 
Applied wheel load was 1kN which the pressure on the pavement surface corresponds to 25kN in 
the full scale. Wheel load of 25kN is rather small for full scale; however, the deformation of the scale 
models tends to become larger than that of the full scale model. Thus, wheel load was set as 1kN in 
this scale model test for qualitative study. The moving speed of the tire model was 1cm/sec. 
 
 
 
 
Figure 2: Scale model of asphalt-paved ballasted track 
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Figure 3: Scale model of concrete slab and asphalt pavement 
 
2.2 Test Result of the Scale Model Test 
Figure 4(a) shows the pressure which was measured by the load cell installed in the base of the soil 
container. In the case of asphalt-paved ballasted track, measured maximum pressure was 14kPa when 
the model tire ran on the asphalt pavement just above the sleeper. In the case when the model tire ran 
on the asphalt pavement on the ballast (between the sleepers), the maximum pressure was 18kPa. The 
pressure at the bottom of the ballast layer became smaller when the model tire ran on the sleeper. 
Similarly, figure 4(b) shows the pressure measured by the load cells installed beneath the concrete 
slab and asphalt pavement as described in the figure 3. Beneath the concrete slab, maximum pressure 
was 11kPa whereas the maximum pressure beneath the asphalt pavement was 23kPa. The test result 
showed that the earth pressure beneath the concrete slab was significantly smaller than that under the 
asphalt pavement. Besides, it was confirmed that the earth pressure beneath the ballasted track was 
smaller than that under the normal asphalt pavement.  
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                   (a) Asphalt-paved ballasted track                         (b) Concrete slab and asphalt pavement 
 
Figure 4: Pressure measured at the bottom of the soil container 
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Figure 5(a) shows the strain at the bottom surface of the asphalt pavement layer in the scale model. 
The maximum strain of the asphalt pavement was 91x10-6 when the tire ran above the sleeper whereas 
the maximum strain was 111x10-6 when the tire ran above the ballast (between the sleepers).  Figure 
5(b) shows the strain at the bottom surface the concrete slab and the general asphalt pavement. The 
maximum strain of the concrete slab was 13x10-6 whereas the maximum strain of asphalt pavement 
was 217x10-6. The test result indicated that the strain of the asphalt pavement on the ballasted track 
becomes smaller than the strain of the normal asphalt pavement. Furthermore, the strain of the 
concrete slab becomes significantly less than that of asphalt pavement. 
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                   (a) Asphalt-paved ballasted track                         (b) Concrete slab and asphalt pavement 
 
Figure 5: Strain at the bottom surface of asphalt pavement and concrete slab 
3 Full Scale Model Loading Test  
3.1 Test Condition of the Full Scale Model Loading Test 
Figure 6 shows the test configuration of the full scale loading test for the asphalt-paved ballasted 
track and concrete slab track subjected to both forklift load and train load. Here, in the Japanese design 
standard, sub-ballast layer is called “roadbed”. Subgrade and roadbed in the full scale model was 
compacted in the sand box with a length of 7,000mm, width was 3,500mm and the depth was 
2,500mm. The subgrade material was gravelly sand which was compacted to 95% of maximum dry 
density and K30 value of the plated loading test was 110MN/m
3. The roadbed material was cement 
treated gravel which was compacted to 95% of maximum dry density with an unconfined compressive 
strength of 3MN/m2 seven days after the compaction. 
In the test case of asphalt paved ballasted track, full scale ballasted track with five wooden sleepers 
were constructed on the roadbed. The distance of the adjacent sleepers was 650mm and the thickness 
of the ballast layer beneath the sleeper was 200mm. The thickness of the asphalt pavement on the 
ballasted track was 153mm, which corresponds to the height of 50N-type rail that is widely used in 
Japanese railway. 
In the test case of concrete slab track, concrete slab track with a length of 3,000mm, the width of 
2,000mm, and the thickness of 340mm was laid on the roadbed. The concrete slab was composed of 
three concrete slabs which the each having length of 1,000mm, which was connected by the pre-
stressed rod. 
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Strain gauges were installed in the asphalt pavement at a depth 30mm above the bottom surface of 
the asphalt pavement. Earth pressure gauge was installed at the surface of subgrade. 
 
 
    
                                Cross section                                                              Cross section 
 
     
                                  Plan view                                                                     Plan view 
 
                (a) Asphalt-paved ballasted track                                       (b) Concrete slab track 
 
Figure 6: Test configuration of the full scale loading test 
 
 
In the loading test, to reproduce the tire pressure applied by the heavy forklifts, load was applied 
by rubber loading plates which represent the contact area of dual tire of large forklift. The size of each 
rubber plate was 500mm x 500mm. The loading position of the rubber plate was set to the position 
where the center of each rubber plate becomes between the sleepers in the case of asphalt-paved 
ballasted track, because the strain of the asphalt pavement became larger when the tire run on the 
asphalt pavement between the sleepers as described in the former section. In the case of concrete slab, 
loading point was similarly determined. Train roads were applied on the pair of rails. 
The maximum load applied by the rubber plate on the asphalt pavement was 300kN and the 
maximum load applied by the rubber plate on the concrete slab was 500kN. The maximum axle load 
applied on the rail was 250kN. In the loading test, static loads (10 seconds), 1Hz and 5Hz cyclic loads 
were applied on the rubber plates and the rails. 
3.2 Test Result of the Full Scale Model Loading Test 
Figure 7 shows the vertical stress measured by the earth pressure gauge installed at the surface of 
subgrade under 5Hz cyclic loading. In the case of asphalt-paved ballasted track, vertical stress was 
132.4kPa under rubber plate loading when the total amplitude of applied load was 200kN. Under the 
200kN loading, the vertical stress under the train load applied on the pair of rails was 82.4kPa. 
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Vertical stress at the surface of subgrade was 1.6 times larger when the load was applied by rubber 
plate rather than to the rail. The test result shows that the effect on the subgrade by the heavy forklift 
load is much larger than that by the train load. It is because the rigidity of rails and sleeper distribute 
the train load. 
In the case of concrete slab track, differences in the vertical stress between rubber plate loading 
and rail loading was smaller than that for the case of asphalt-paved ballasted track. This was due to the 
very stiff rigidity of the concrete slab. 
When we focus on the applied load of 300kN by rubber plate loading, the vertical stress on the 
sugrade was 187.3kN in the case of asphalt-paved ballasted track, and 93.4kN in the case of concrete 
slab tack. The vertical stress on the subgrade in the case of concrete slab was approximately 1/2 of that 
in the case of asphalt-paved ballasted track. This trend was similar to that obtained in the scale model 
test described in the former section. 
Figure 8 shows the vertical displacement at the surface of the asphalt pavement and concrete slab 
under 5Hz cyclic loading. In the case of asphalt-paved ballasted track, vertical displacement was 
0.50mm under rubber plate loading when the total amplitude was 200kN. The vertical displacement 
under the train load applied on the pair of rails was 0.24mm. Vertical displacement at the surface of 
the asphalt pavement was 2 times larger than train load when the load was applied by the rubber plate. 
On the other hand, in the case of concrete slab, difference of the vertical displacement between rubber 
plate loading and rail loading was less than that in the case of asphalt-paved ballasted track. This was 
due to the very stiff rigidity of the concrete slab. The displacement of asphalt pavement under the train 
load was the smallest, because in this case, asphalt pavement was not directly subjected to the applied 
load. 
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          Figure 7: Vertical stress on subgrade                              Figure 8: Vertical displacement 
 
 
 
Figure 9 shows the strain in the asphalt pavement layer under the rubber plate loading. The strain 
under 1Hz loading was slightly larger than that under 5Hz loading. Contrary, the strain of asphalt 
pavement became very large under the static loading. This results denotes that the static handling 
operation of the containers by heavy forklift significantly increase the strain of asphalt pavement layer. 
Figure 10 shows the strain of asphalt pavement layer under the train load applied on the rails. 
Under the train load, the strain of asphalt pavement became very small because the asphalt pavement 
was not directly subjected to the load when the load was applied on the rail. 
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          Figure 9: Strain of asphalt pavement                            Figure 10: Strain of asphalt pavement 
                   under rubber plate loading                                              under train load on the rails 
4 Conclusions 
To investigate the deformation characteristics of asphalt-paved ballasted track and concrete slab 
track under the forklift loads and train loads, scale model tests and full scale model tests were carried 
out in this study.  
The scale model test result showed that the vertical stress under the asphalt-paved ballasted track 
became larger when the tire runs between the sleepers.  The vertical stress under the concrete slab was 
smaller than asphalt pavement. 
The full scale test result showed that the vertical stress under the heavy forklifts became larger than 
that under the train load. To decrease the stress applied on the subgrade, it became clear that the 
concrete slab track is an effective counter measure. 
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